Objective: To evaluate the accuracy of a 12-hour urine collection to diagnose preeclampsia and to determine whether time of collection influences the performance of this test.
| INTRODUCTION
Pre-eclampsia and other hypertensive disorders of pregnancy account for 10.3%-22.1% of all maternal deaths worldwide. 1 The current diagnostic criteria indicate that proteinuria should no longer be considered an obligatory component of pre-eclampsia 2, 3 ; however, quantification of urinary protein levels is still routine practice.
A 24-hour urine collection, with a 300 mg cut-off level for proteinuria, remains the gold standard to diagnose the presence of substantial proteinuria. Nonetheless, alternative methods-including the urine spot protein-to-creatinine ratio with a cut-off of 0.3-are considered equivalent by many obstetric societies. 2, 3 The protein-to-creatinine ratio test is undoubtedly more practical and convenient to perform than the 24-hour urine collection test but some controversy remains given the wide range of sensitivity (65%-96%), specificity (49%-100%), and clinical heterogeneity reported.
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A systematic review and meta-analysis by Stout et al. 7 found that 12-hour urine collection, with a 150 mg cut-off level for proteinuria, performed well among women with hypertension during pregnancy.
However, the main limitations were the small sample sizes of the studies included in the analysis, the heterogeneous methods used for urine collection, and the lack of information on time of collection.
The primary aim of the present study was to test the hypothesis that a 12-hour urine collection was non-inferior to a 24-hour urine collection for the diagnosis of pre-eclampsia. The secondary goal was to determine whether time of collection (diurnal vs nocturnal) influenced the performance of the 12-hour test.
| MATERIALS AND METHODS
The present prospective observational study was conducted in the In the present study, the 24-hour urine collection was replaced by two consecutive 12-hour collections (Fig. 1) . Collection vessels were distributed to participants at 07:00 hours, following the first morning void (which was not included in the collection). The first 12-hour collection took place from 07:00 hours until 19:00 hours (diurnal sample).
Women then received a new vessel for the second 12-hour collection, which took place from 19:00 hours until 07:00 hours (nocturnal sample). This second sample included the first morning void.
The diurnal and nocturnal samples were first independently analyzed for the presence of substantial proteinuria (≥150 mg). These two samples were then pooled to create a 24-hour or "daily" sample (07:00-07:00 hours) that was also analyzed for the presence of substantial proteinuria (≥300 mg).
Each patient underwent a varying number of urine collections, depending on the length of hospital stay; however, only the 24-hour values were considered in the clinical-decision making process.
Demographic and clinical data were prospectively recorded. The primary end point was a binary outcome of either having or not having pre-eclampsia. This outcome was based on the presence of positive proteinuria using the cut-off values outlined above for the 12-hour and 24-hour samples. The secondary end point was testing the equivalence of diurnal and nocturnal proteinuria values.
As each 24-hour measurement comprised two matching 12-hour measurements, the present analysis included three comparisons ( way random-effect model. 9 An α value of 5% was considered to be statistically significant; all tests were two-sided. The incidence of positive proteinuria (24-hour urinary protein level ≥300 mg) from a series of 100 collections among the population from the present study setting (42%) was used to calculate the appropriate sample size. A sample size of 372 measurements would allow testing of the non-inferiority of the 12-hour method, with a 10% margin and 80% power at a 5% significance level (powerandsamplesize.com). Multiple measurements were obtained from the participants, which allowed a reduction in the total number of patients recruited. 
| RESULTS
A total of 99 women were included in the present analysis. The mean number of urine collections during hospitalization was 2.3 (range 1-11). In all, there were 456 12-hour urine collections (equivalent to 228 24-hour urine measurements).
The demographic and clinical characteristics of the participants were summarized (Table 1) . Most of the women were white, the median age was 34 years (range 18-50 years), and most patients F I G U R E 2 Summary of main comparisons made in the present study.
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To validate these results, the sensitivity, specificity, PPV, NPV, and accuracy for detection of pre-eclampsia were assessed in each of the three comparisons (Table 2) . When compared with the 24-hour sample, the two 12-hour samples showed 85.9% sensitivity, 91.7% specificity, and 89.3% accuracy. The diurnal sample slightly underesti- Although nocturnal proteinuria appeared to be more accurate than diurnal proteinuria for detecting pre-eclampsia, this difference was not statistically significant (P=0.151; related-samples Wilcoxon signedrank test, data not normally distributed). The equivalence between both measurements was also tested the using Pearson and intraclass coefficient correlation (Fig. 3) . Both measures showed good (but not excellent) correlation (<0.9).
Some discrepancy was observed between the 12-hour and 24-hour absolute values. Theoretically, the difference between the 24-hour measure and the sum of two 12-hour measures should be close to zero. However, the mean difference was 5.2 mg/dL (95% confidence interval -58 to 101), which was attributed to both measurement variability and measurement error. Therefore, all of the statistical tests were repeated after excluding the automatically generated outlier values (n=10). This approach did not affect the results reported above.
| DISCUSSION
The present study found that a 12-hour urine collection provided acceptable accuracy for the detection of proteinuria when compared with the current gold standard (24-hour urine collection). These findings suggested that the 12-hour test could offer a reasonable alternative to the 24-hour test in the diagnosis of pre-eclampsia.
Pre-eclampsia is generally characterized by raised blood pressure in association with increased UPE as a marker of proteinuria. However, in the absence of proteinuria, a diagnosis of pre-eclampsia can still be made on the basis of new-onset hypertension with signs of end-organ lesion, including thrombocytopenia, renal insufficiency, impaired liver function, pulmonary edema, and cerebral or visual symptoms.
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Elevated levels of UPE are detected among most women with preeclampsia owing to increased vascular permeability and altered tubular charge selectivity of the glomerular filtration barrier. 12, 13 Adverse obstetric outcomes were thought to be related to elevated UPE; T A B L E 2 Reliability and validity of 12-hour urine collection for the diagnosis of pre-eclampsia. however, studies have failed to demonstrate a strong causality. 14, 15 Given that the absence of proteinuria could delay prompt intervention, substantial proteinuria is no longer considered to be either an indicator of disease severity or an obligatory component for the diagnosis of pre-eclampsia in the presence of another sign of end-organ dysfunction. The present study design followed the suggestions of Stout et al. 7 by obtaining a large sample size, ensuring that the collection of urine was homogeneous, and stratifying the samples by diurnal versus nocturnal. An effort was made to implement only minor changes in the established routines of the obstetric ward so as to minimize procedure errors.
In the qualitative analysis, the 12-hour test detected a similar proportion of patients with proteinuria as the 24-hour test, with a discrepancy of less than 10% (as was proposed to test with the sample size). However, global reliability was not as satisfactory as expected,
with Cohen k values of less than 0.8.
Nocturnal proteinuria seemed to perform better than diurnal proteinuria for the diagnosis of pre-eclampsia, with high sensitivity, specificity, PPV, NPV, and accuracy. Nevertheless, the quantitative analysis (comparing absolute values of proteinuria) found no statistically significant difference between the two collection times. Therefore, it
was not possible to make firm conclusions about the performance of nocturnal collection versus diurnal collection. Levels of UPE are known to be raised by physical exercise, high blood pressure, urinary tract infection, massive obesity, cardiac failure, reduced water intake, hematuria, uterine bleeding, vaginal discharge, and some severe stressful situations. 16 In the present study, several of these confounders were controlled by the exclusion criteria but also by the fact that the participants undertook only limited physical exercise, even during the day. Regarding blood pressure, the available records only allowed the identification of women with either normal values or raised values during their whole hospital stay. A detailed record of blood pressure values could aid understanding of the importance of hypertension for UPE variance between the diurnal and nocturnal periods.
An optimum method to both quickly and accurately diagnose pre-eclampsia is still lacking; however, some promising work is being developed using angiogenesis-related biomarkers. Consistent evidence indicates that the levels of placental growth factor decrease, whereas the levels of soluble fms-like tyrosine kinase 1 (also known as sFLT-1) increase, among pre-eclamptic women before the clinical onset of this condition. 17 Prospective data have already suggested a potential role for the ratio of these two growth factors as a screening method for pre-eclampsia that offers high NPV (99.3%-99.9%) and a 78.6% detection rate of the disease within 1 week. 17 These biomarkers provide rapid results (approximately 30 minutes) and seem to be costsaving 18 in identifying patients who would benefit from hospitalization. However, recommendations on their use have yet to be approved.
In conclusion, the present study demonstrated that a 12-hour urine collection could offer an alternative to the gold-standard method of 24-hour urine collection when a fast result is required or when it is the only financially viable solution. Further studies-including those designed to assess cost-effectiveness-are now required to investigate this possibility.
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F I G U R E 3 Agreement between diurnal and nocturnal 12-hour values; data were not normally distributed. Abbreviation: ICC, intraclass correlation coefficient. 
